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Arhens. Grrce 
O$m. This study sought to determine whether the natural 
decrease in sex hormones that occurs during menopause in 
hypertensive women plays a role in nortic mot stilwss. 
llackpd. The efect of menopause-induced sex bormwe 
deprivation on aortic root function is not known; however, it is of 
special interest in hypertensive subjects, whose aortic elastic 
propefties are elf&y compromized. 
M&ods. Eighteen women with essential hypertension were 
Ulowed-up for 3 years, during which time they went through 
n~aopausc (gnn~p A) and were compared with 22 age-matched 
hypertensive women with normal menses (group B) and 20 
hypertensive men (group C). Blind echocardiographic tracings 
and simultamxms blood pressure measurements were obtained 
after at least 30 mediition-free days, both at baseline and 3.5 
years later. 
Resuk Aortic mot function tended to be aggravated in both 
groups B and C, but not significantly so, with no between-group 
It has been recently recognized that aortic elastic properties 
are compromised in patients wi;h systemic hypertension be- 
cause of structural changes of the aortic wall (1). It is also 
accepted that aging of the cardiovascular system provokes a 
decrease in aortic distensibility (2,3). The aorta becomes less 
compliant or stiffens with age. 
The effects of sex hormone withdrawal on the cardiovascu- 
lar system during menopause are not known, especially on 
aortic distensibility. Estrogen and progesterone receptors have 
been found in arterial endothelial and smooth muscle cells of 
several mammalian species (4,5), including humans, but 
whether they are physiologically functional remains to be 
demonstrated. The purpose of the present study was to inves- 
tigate whether the natural decrease in sex hormones that 
occurs during menopause in hypertensive women plays a role 
in stillness of the aortic root. 
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diferences (p = NS), whereas it deteriorated in gruup k ‘Il~us, in 
menopausal hypertensive su’ljects, aortic root systobdiistoRc 
percent change decreased (from 67% to 4.9%+ p < 0.0001 [p = 
0.002 vs. group B; p = 0.006 vs. group Cl); cross-seckmal 
complianrc decrease4l (from 111 to 13 &/mm H&p C O.MOl [p = 
0.002 vs. group B; p = 0.03 vs. gmup Cl); Peterson’s elastic 
modulus increased (horn 1.2 to 1.9 dynes/cm*, p = 0.0806 [p = 
0.003 vs. group B; p = 0.a vs. group Cl); aortic stirness iadex 
inrrcased (from 7.0 to 104 p = O.OOM [p = 0.004 vs. group B, p = 
0.007 vs. group Cl); and aortk mot distensibility decreased (fmm 
I.8 to 1.2 dynes/cm’, p < O.ooOl Ip = O&M3 vs. gmup 8; p = 0.007 
vs. gnn~p Cl). Serum lipids did rrd change significantly in any 
group (P = NW. 
fLlmchsk. In hypertensive women, the elect of menopause on 
the elastF;,Tperties of the aortic root is abrupt and devastating. 
-. (J Am Cdl Cardiol 1#6;M:IS62-6) 
Methods 
Five years ago, 50 fertile women and 25 age-matched men 
with essential hypertension were enrolled in the study. Reex- 
aminations were done 3 years later, at which time 18 women 
went through menopause (group A), 22 women maintained 
normal menses (group B), and 10 women and 5 men were lost 
to follow-up. The remaining 20 men comprised the control 
group C (Table 1). All enrolled patients were without medi- 
cation at least 1 month before the study. After full laboratory 
examinations, they received antihypertensive treatment, which 
was discontinued after 3.5 years, at which time examinations 
were repeated, again after a l-month drug-free period. 
All patients had stable sitting diastolic blood pressure at 
rest from 95 to 110 mm Hg without medication. To qualify for 
enrollment, sitting diastolic blood pressure (average of threk 
readings) had to be within the above-defined range. The same 
criteria were observed during the follow-up period 3.5 years 
later. : 
Group A during these years went through menopause 
(mean 2 SD) 21.3 ? 15.0 months after enrollment in the study 
and’were without a menstrual cycle for 19.9 + 11.9 months 
before reexamination. Group B maintained a normal men- 
strudl cycle throughout the study period. 
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Abbreviati and Ammyms 
AOD 4 enddiastolic aortic mm diameter 
AOS = end-systolic aortic roo)t diameter 
ARD = aor& root distensibility 
ASI = aortic stiffoew index 
CW = ctoss-sectional compliance 
DBP -= diastolic hhd preww 
EP = Peknon’s elastic modulus 
PP = pulr pressure 
SBP = systolic blood pressure 
WA0 = pcrcenf change in aortic root diameter 
Estradiol E2 in group A was 13.6 I’-‘ 11.8 pg/ml and 
follicle-stimulating hormone was 54.6 -+ 18.1 mlU/ml. 
Women with disturbances of the menstrual cycle or with a 
history of hypertension during pregnancy as well as those who 
were pregnant at least 1 year before the study or taking 
contraceptives or hormone replacement therapy were excluded 
from the study. 
Patients with cardiovascular disease other than systemic 
hypertension, hepatic or renal dysfunction, endocrine disease 
and diabetes mellitus were excluded, as well as those morbidly 
obese (body mass index >34 kg/m’) or on a weightcontrol diet 
or using hypolipidemic drugs. 
Methods of observation. Venous blood samples were 
drawn after a 12-h overnight fast. and lipid and apolipoprotein 
levels were determined fror; fresh plasma samples (6). Total 
cholesterol and triglyceride levels were determined by the 
enzymatic calorimetric method and high density lipoprotein 
(HDL) cholesterol by the phosphatungstate precipitation 
method (Ames, Sera-PakT). Low density lipoprotein (LDL) 
cholesterol was calculated by the method of Friedewald: 
LDL cbolestrol = Total cholesterol - HDL cholesterol - 
Triglycerides/S. 
tie-dimensional M-mode tracings of left ventricular di- 
mension in enddiastole and end-systole, interventricular sep 
tal thickness and left ventricular posterior wall thickness were 
measured according to the criteria of the American Society of 
Echocardiography and the Penn Convention (7) using an ATL 
Ultramark 8 machine. 
Assessment of eortic root function. The end-systolic 
(AOS) and enddiastolic (AOD).aortic root diameters were 
Table 1. Patient Characteristics 
Group A Group B 
(n = 18) (n = 22) 
GroupC 
(II = 20) 
Agew 46.9 2 2.1 ,459 2 2.2 46.2 2 3.0 
Follow-up(mo) 41.3 c 19.2 3F.8 2 12.3 40.6 ? 13.1 
Bhll (kg/m*) 
Before folhlw-up 283 2 2.7 27.0 2 4.2 j.9 2 1.s 
After follow-up 29.2 ? 2.9. 27.4 + 4.3 26.2 2 1.7t 
tp = 0.004, ‘p = 0.03 wsus baseliac q e.awemcnB Data presented are 
mcanvaiw~SD.BMI=bodymassindex. 
Flgue1.Qpicalultnsoundimage.AO=~Dd=enddiastolic 
aortic root diameter, !ki = end-systolic aortic mot diameter. 
calcu!ated from the mean value of three measurements ob 
tained using the following reference criteria: 1) the M-mode 
tracing 3 cm beyond the aortic valve; 2) the two-dimensional 
picture at the same distance; and 3) a value calculated from the 
perimeter, area and diameters of the twodimensional image 0 
to 6 cm beyond the aortic valve as an output of the computer 
(Fig. 1). Aonic root systolic and diastolic diameter indexes 
were derived after division by body surface area. The aortic 
root diameter percent change (ZAAO) was calculated as 
lOO(AOS - AOD)/(AOS), as an index of aortic strain. With 
simultaneous measurement of pulse;: pressure ([PP] SBP - 
DBP), the following indexes of aortic root function were 
calculated: Aortic cross-sectional compliance (CSC) = 
n(AOS - AOD)AODnPP (cm2/mm Hg); Peterson’s elastic 
modulus (index beta) (Ep) = PP X AOD/(AOS - AOD) 
(dynes/cm2; Aortic stithess index (ASI) = In(SBP,DBP)/ 
(AOS - AOD)/AOD; and aortic root distensibility (ARD) = 
2(AOS - AOD)/PP x AOD (8). Blood pressure was mea- 
sured at examination by the same operator (G.P.V.) using a 
mercury sphygmomanometer (Korotkoff phase V for diastolic 
blood pressure [DBP]). The interobserver and intraobserver 
variabilities in the calculation of aortic root distensibility at our 
laboratory are 3.2% and 5.8%, respectively. 
statistics. Because the same subjects were measured on 
more than one occasion, a repeated measures analysis of 
variance for each variable by group and time was appropriate. 
However, because only two time points were involved, the 
analysis of temporal changes reduces to a one-way anal@s of 
variance between groups with the dep,t.!ent variable the 
change in the measurement for each subject. The Student- 
Newman-Keels multiple comparison procedure was used for 
identification of dilferences between groups jf the overall F test 
was significant. The paired t test was also used for further 
elucidation of changes within groups. Results in the tables are 
presented as mean value 2 SD. 
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Table 2. Bkud Pressure and Heart Rate Before a,d After Follow-Up -. .- 
Group A Group B Group C 
- 
Eeforc Follw-Up After F+nv-Up Before Follow-Up After Follow-Up ikforc Follow-Up After Folhnv-Up 
SbP (mm Hg) lh3ZII 166?12 159 2 18 155 2 21 1615 I4 161 z i2 
DHP (mm Hg) II)0 ‘c 5 IO.1 : 6 103 c 7 IfJT + -9) llh 2 6 Ill4 f 3’ 
HK (beats/minj ?I t7 73 + 8 ?h ?I 8 77 I ;; 72 .!I 1 73 +I 8 ~- 
‘p = 0.02 vrnus baseline value. Data prcscntcd arc mean \alur I SD. DBP = diastolic blood prwurc: HK = hear! rate: SBP = systolic blood prcwxc. 
Results 
There was no difference in age, time interval between the 
two examinations and body mass index changes for all groups 
(Table 1). In groups A and B, both systolic blood pressure 
@BP) and DBP had similar values at baseline and 3.5 years 
later. In group C, only DBP had lower values 3.5 years later. 
Heart rate did not change significantly throughout the study in 
any group (Table 2). 
did triglyceride levels. High density lipoprotein cholesterol 
increased in groups A and C and decreased in group B without 
reaching significancy. Apolipoprotein A, decreased in group A 
and increased in group B (p = 0.03) and group C (p = O.ooO7) 
(Table 5). 
Discussion 
Left ventricular dimensions increased in all three groups 
during follow-up, significantly in group A (p r: 0.05) with no 
between-groups differences. Left ventricular wall thickness 
decreased similarly in all three groups, producing a significant 
decrease in left ventricular mass index and left ventricular 
relative wall thickness (Table 3). 
Changes in aortic root diameter indexes were not statisti- 
cally significantly different between groups (p = 0.8 and p = 
0.25 by analyses of variance for aortic root systolic and diastolic 
diameter indexes, respectively). There were significant between- 
group differences in the changes in all remaining indexes of 
aortic root function: %AAO (p = 0.003) CSC (p = 0.01) Ep 
(p = O.OUO4), ARD (p = 0.002) and ASI (p = 0.000(i) (Fig. 2). 
In every case, the Student-Newman-Keuls multiple compari- 
son procedure showed that the changes in group A differed 
porn those in groups B and C, whereas in ,no case did groups 
B and C differ (Table 4). Paired t tests within group A only 
showed statistically significant increases in aortic root diastolic 
diameter in&x (p = 0.03), Ep (p = 0.001) and ASI (p = 
0.001); significant decreases in %AAO (p < O.oOl), CSC (p = 
0.001) and ARD (p < 0.001); and no significant change in 
aortic root systolic diameter index (p = NS). 
Present findings. In the present study, the aging effects on 
aortic stiffening were minimal as expected from the relatively 
short elapsed time of 3.5 years. This was the case in both 
groups B and C. whereas in group A, aortic root distensibility 
decreased significantly. Because all three groups were matched 
for all clinically relevant baseline characteristics, with the 
exception of hormonal Ion in group A, it w.mld be logical to 
assume that the deterioration observed only in hypertensive 
women who went through menopause should be linked to their 
change in hormonal homeostasis. Furthermore, left ventricular 
structure and dynamics changed similarly in all three groups 
studied. Thus, the observed aortic root function changes 
cannot be affected through different hemodynamic changes. 
previous studies. It has been gradually established by many 
experimental studies that hypertension provokes morphologic 
changes in the large arteries and affects arterial distensibility in 
particular (9-11). Many investigators suggest (1) that in sys- 
temic hypertension the observed alterations in aortic dimen- 
sions and elastic properties of the aorta are due to structural 
changes in the aortic wall. This is probably due to smooth 
muscle hypertrophy or increased collagen or an abnormal 
elastin/collagen ratio (3). 
Of the blood lipids, total cholesterol levels tended to Hypertension is not the only factor that can alter aortic wall 
increase uniformly but not significantly in all three groups, as structure. Aging and growth factors (2) are two variables that 
Table 3. Echocardiographic Indexes of Left Ventricular Structure Before and After Follow-Up 
Gr,mp A Group B Group C 
Before Follow-Up After Folknv-l’p Before Follow-Up After Follmv-Up Before Follow-Up After Follow-Up 
EDD (mm) 48.5 T 2.1 48.9 + 2.4, 47.7 2 2.0 47.9 t 2.0 51.0 -c 2.6 51.3 k 2.6 
ESD (mm) 282 2 2.2 29.0 2 2.4’ 28.0 k 1.9 28.3 k 1.9 30.8 2 2.6 31.2 +_ 2.6 
IVS (mm) 11..6 -e 0.5 ll.:.? ost 11.8? 0.8. 11.2 % l.Ot 12.1 2 0.9 11.3 ? 0.08$ 
PW (mm) 10.8 0.4 0.5 + 10.4 -c o.st 10.7 + 10.3 2 O.s$ 11.0 k 0.6 i .10.7 5 
LVMI (g/m’) t37 + 13 ‘130%12 
; , 0.7t 
: 137 z 13 
KWT .0.46 -c 0.03 0.44 2 0.03 0.47 2 0.03 
129? 12$ 1412 21 132 ? 2O.# 
0.45 t 0.03$ 0.45 2 0.2 0.4: ? o.o?# 
‘p < 0.05, tp < 0.005, Sp < 0.001 versus baseline values. D&a presented are mean value 2 SD. iDD = leti ventricular end-diastolic diameter, ESD = left 
ventricular endqstolic diameter, IVS = intraventrieular septal thickness; LVMI = left ventricular mass index; PW = left ventricular posterior wall thiekneq RWT = 
left ventricular relative wall thickness. 
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Figure 2. Aortic root disknsibil- 
ity values before (A) and after 
(B) follow-up in the three groups. 
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can speed the development of aortic rigidity, whereas the 
coexistence of hypertension may enhance this process even 
more. In the aorta and major arteries, aging induces progres- 
sive distortion of the orderly arrangement of elastin lamellae 
and remodeling of the vessel (12). Measuring arterial blood 
pressure in humans with a sphygmomanometer ignores the 
changes in the pressure wave as it is propagated through the 
arterial tree. Carotid tomometry better approximates intra- 
arterial pressure and may reflect aortic stiffness more accu- 
rately. Measurement of pulse wave velocity, which was not 
done in this study, may corrahorate our findings (l&12). 
It has been reported (13) that PP increases markedly from 
central to peripheral arteries, with no substantial change in 
mean arterial pressure, whereas antihypertensive drug treat- 
ment may reduce SBP and PP in the ascending aorta without 
affecting brachial artery measurements. In the present study, 
measurements were of the branchial artery were performed 
after 1 month free of drugs. Moreover, methodologic consid- 
erations and drug effects were similar in the three grcnps 
studied, whereas each patient served as his or her own control. 
Menopause and cardiovascular system. Most studies re- 
porting on the influence of menopause on the cardiovascular 
system are experimental, whereas the effect of sex hormones 
on the cardiovascular system has been clarified in premeno- 
pausal normotensive women only. 
Other investigators have reported a possible association 
between menopause and hemodynamic changes in women. 
Using Doppler variables, Pines et al. (14) showed a gradual 
decrease in peak flow velocity, flow velocity integral and mean 
acceleration in women who went through menopause, whereas 
previously they reported (15) that hormone replacement ther- 
apy provokes a significant increase in these variables. Pines et 
al. did not confirm these changes in women with recent onset 
of menopause. In our study, when group A was reexamined, 
the hypoestrogenic state was established, and occasional in- 
creases in estrogens had almost disappeared. 
L-imitations of the study. Aortic root function indexes were 
calculated from the echocardiographically derived AOS and 
AOD, combined with simultaneous pulse pressure measure- 
ment by a mercury sphygmomanometer. It has been reported 
Tahk 4. Echocardiographic Indexes of Aortic Root Function &fore and After Follow-Up 
Group A Group B Gmup C 
Bcforc Folhnv-Uy After Fdlw-Up Bcforc Follow-Up After Follow-Up Before Follow-Up After Follow-Up 
AOS-1 (mm/m’) NY 5 1.7 19.2 2 1.2 20.0 2 1.7 20.2 + 1.6 18.7 2 IS 19.0 2 1.7 
AOD-! (mm/m’) 17.7 z 1.5 IX.3 t 1.1’ I8.X -t I.6 19.0 + 1.6 17.7 ? 1.6 III.0 2 1.6. 
%&O j : 6.7t1.4 4.9 % I.3 6.5 2 I.1 6.2 ? 1.4$ 6.1 + IS 5.8 t l.3$ 
CX (ci’lmm Hg) ’ 17.8 2 5.3 12.9 i 4.3t 19.0 lr j.7 18.4 c 5.74 , 19.8 2 4.0 20.2 + 7.Y5 
Ep(dynes/cm’j ,’ 1.22~036 1.89 -c 0.77t - 1.21 lr ox : .32 % 0.43$ l.2Y 2 0.35 1.40 2 052# 
ARD (cm*/dyne) 1.77ztla 1.20 -t 0.42t 1:75 2 0.59 1.70 z 0.6fl$ 1.66 z 0.44 1.57 z 0.49# 
Au 7.0 ? 2.0 IO.8 + 4.6t 6.9 2 1.5 7.5zt.lS 7.3 2 1.H It.0 2 2.71 
l p < 0.05. lp < 0.001 versus baseline values $p < 0.005, @ < 0.05 versus changes in gmup A. Data presented arc mean vrlue 2 SD. AOD-I = aortic mot diastdic 
diameter index; AOM = aortic mot systolic diameter index; ARD = aortic roDt distensibility; ASI = aortis stik~ index; CX = crowectional mmplianw Ep = 
Peterson’s elastic modulus; QAAO = aortic strain. 
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Talk S. !&m Libid and Apolipoprotein Values Before and After FoIIow-Up 
Group A Group B Group C 
Before Follow-Up After Follow-Up Before Follow-Up After Follow-Up Before Follow-Up After Follow-Up 
TC fmg/dl) 231242 245 ? 47 211 2 37 224 2 38 218 lr 49 224 5 55 
TGL (mgdl) 113 + 51 119256 IO0 5 36 113-tss 108-t4? 106It-35 
HDL (mg/dl) 52.3 2 11.5 53.8 5 14.4 54.7 2 8-5 53.42 II 0 45.1 2 9.4 46.8 5 8.9 
LDL (mtW l62? ?I I67 % 41 147 r 32 148238 I51 z? 46 156551 
APO Al hW I54 c 27 146-‘26 l:C’28 I57 + 17 133 % 27 144225 
Ape ~2 bgldl) 134229 I41 r 27 128+24 130 2 22 123 2 37 129 + 38 
Data presented are mean value ? SD. Ape = apolipoprotein; HDL = high density lipoprotein cholesterol; LDL = low density lipoprotein cholesterol; TC = total 
cholesterol; TGL = triglycerides. 
(16) that aortic diameters can be obtained accurately in 
patients with satisfactory quality of echocardiographic tracings. 
In the present study, patients with less than optimal echocar- 
diographic tracings were not included. Furthermore, aortic 
diameters were measured by three different methods, and th.: 
mean value was used. All recordings were acquired and 
analyzed by the same investigator (G.P.V.), with a reproduc- 
ihility of 3%. 
Serial echocardiographic examinations, especially in group 
A, would have provided a better understanding of the role of 
estrogen in aortic dynamics, pinpointing changes in the time 
domain. Such studies were not practical, as examinations were 
done after discontinuation of antihypertensive therapy !or 1 
month to exclude drug effects. In contrast, the study patients 
had blood pressure values that required medication, not 
permitting at least 3 years of placebo therapy. 
Conclusions. The results of this study indicate that the loss 
of sex hormones in menopausal hypertensive women is prob- 
ably another risk factor for coronary artery disease. Although 
it has not yet been clarified whether hormone replacement 
therapy has a bsneficial effect on the carr!iovascular system in 
hypertensive women, it seems that estrogen probably mini- 
mizes the unwanted process of atheroscl:rosis and may delay 
the degenerative lesions oi ihe aortic wall. 
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